Active bacterial denitrification in coastal marine sediments that are rich in organic materials has been reported by Koike and Hattori (5), S0rensen (10), and Oren and Blackburn (8). In the methods which these workers used, however, some physical and chemical disturbances inevitably occur during the experiments; it is difficult to assess the extent of the effects of these disturbances on in situ denitrification.
Denitrification and consumption of oxygen and nitrate in sediments from Tama Estuary, Odawa Bay, and Tokyo Bay were measured in an experimental sediment-water system. Filtered seawater containing [15N]nitrate flowed continuously over undisturbed sediments, and the concentrations of 02, nitrate, and nitrite in the influent and effluent and of 15N2 in the effluent were monitored. Under steady-state conditions, the rate of nitrate consumption was the same order of magnitude as the rate of oxygen consumption in Tama Estuary sediments, whereas the former rate was one order of magnitude lower than the latter rate in Odawa Bay and Tokyo Bay sediments. Denitrification accounted for 27 to 57% of the nitrate consumption.
Active bacterial denitrification in coastal marine sediments that are rich in organic materials has been reported by Koike and Hattori (5), S0rensen (10) , and Oren and Blackburn (8) . In the methods which these workers used, however, some physical and chemical disturbances inevitably occur during the experiments; it is difficult to assess the extent of the effects of these disturbances on in situ denitrification.
We (7a) have demonstrated that the amount of excess N2, as estimated from the N2/Ar ratio in the pore water of an estuarine sediment, is far smaller than the amount expected based on the denitrification rates determined by bottle incubation experiments. We concluded that bacterial denitrification proceeds actively but that excess N2 produced by denitrification is lost rapidly to the overlying water because of physical and biological disturbances of the near-surface sediment.
In this study, we attempted to determine denitrification rates in an experimental sediment-water system in which filtered seawater containing [15N]nitrate flowed at a constant rate over undisturbed coastal and estuarine sediments. The rates of oxygen and nitrate consumption were determined simultaneously and were compared with the rate of denitrification.
MATERIALS AND METHODS
Seawater and sediment samples were collected at Tama Estuary, Odawa Bay, and Tokyo Bay (Fig. 1) . The sampling dates and water depths are given in Table 1 . The sediment samples from Tama Estuary and Odawa Bay were collected with Plexiglas tubes (inner diameter, 11.4 cm) by hand, and those from Tokyo Bay were collected with a gravity core sampler (tubes with an inner diameter of 11 cm) on the KT-80- 16 cruise of RNV Tansei Maru, University of Tokyo. Judging from the color, all of the sediment cores were anoxic except for a thin surface layer. Special care was taken to preserve sediment structure during sampling and transportation. The sediment structures were somewhat distorted near the inner walls of the Plexiglas tubes, but this effect could be disregarded because of the large diameter of the samplers. Overlying water samples were collected with Plexiglas bottles or van Dorn bottles. Other sediment samples were collected with a Plexiglas tube (inner diameter, 3.5 cm). The sediment cores were sectioned into segments between 1 and 3 cm long, and pore waters were extracted by centrifugation at 2,000 rpm for 10 min and were kept frozen until analysis of nitrate and nitrite. The analysis was completed within a few weeks.
The experimental setup used is illustrated in Fig. 2 Figure 3 shows the vertical profiles of nitrate plus nitrite in the sedimentary pore waters and overlying waters. The concentrations of nitrate plus nitrite in the overlying waters ranged from 17.4 to 114 ,LM, but those in the sedimentary pore waters were very low. Figure 4 shows the changes with time in the concentrations of dissolved 02, nitrate, and nitrite during the experiments. The concentrations of dissolved 02 and nitrate changed similarly. The concentrations of nitrite remained approxi- bottom surfaces of the rubber stoppers. Actually, the 02 and nitrate concentrations in the effluent increased when the inner surfaces of the rubber stoppers were cleaned with gauze and the connecting tubes were replaced with new tubes, although complete recovery to the steady level did not occur. Changes in the oxidation-reduction state of the system during prolonged incubation and removal of soft materials from the surface sediments were probably other reasons for this decline. Figure 5 shows the time courses of N2 evolution from nitrate by denitrification. (10) injected acetylene-saturated distilled water into sediment core samples and followed the production of N20. Chan and Knowles (3) set a Plexiglas chamber on sediments and circulated water containing acetylene through the chamber. Other investigators have determined denitrification rates by measuring the production of N2 gas; Seitzinger et al. (9) measured N2 production by undisturbed sediment cores incubated in a gastight chamber, and Kaplan et al. (4) measured N2 production by setting a bell jar on sediments.
The method which we used in this study has the following advantages: (i) disturbance of sediment structure and associated chemical and physical changes are minimized, (ii) denitrification rates over a unit area of the sediments can be obtained directly, and (iii) rates of oxygen consumption and nitrate consumption can be determined simultaneously.
The denitrification rates in Odawa Bay and Tokyo Bay (Table 2) fell within the range reported for sediments from other locations (Randers Fjord, 4.1 ng-atoms of N cm-2 h-1 [10] ; Kysing Fjord, 0.7 ng-atom of N cm2 h-1 [8] 
